Pedro the Voder makes his bow at the New York World’s Fair 
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N the step-by-step and panel sys- 

tems each subscriber line is brought 

to two switching frames. One of 
these, the line finder, is used when the 
subscriber is placing a call; the other, 
generally known as the final frame, is 
used when a call is being completed 
to the subscriber. The crossbar sys- 
tem differs radically from these earlier 
systems in this respect, since with it a 
subscriber line is connected to only 
one frame—the line link—which is 
used for both originating and termi- 
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The Crossbar 
Line-Link Frame 


By A. J. BUSCH 
Central-Office Switching Development 


nating calls. This line-link frame, like 
all other major frames in the crossbar 
system, consists of a group of primary 
and secondary switches, and each 
subscriber line is connected to one of 
the vertical units of one of the 
primary switches. The vertical units 
of the secondary switches are divided 
into two groups of ten each; one group 
connects to line junctors, which run 
to incoming link frames, and is used 
for terminating calls; and the other 
connects to district junctors which 
run to district frames and sender links, 
and is used for originating calls. 
The first step the crossbar appara- 
tus must take in establishing a con- 
nection is to find the particular line 
placing the call and then to connect 
it to an idle district junctor that has 
access to an idle sender. This work is 
accomplished by the line-link and 
sender-link controller circuits, the for- 
mer of which associates itself with a 
line when a line relay operates, and re- 
mains associated until connected 
through to a sender. The time re- 
quired for this operation is so short 
that only one controller is required 
for each line-link frame, which may 
serve from 200 to 700 subscriber lines. 
The horizontal multiple connec- 
tions of the primary and secondary 
switches of each line-link frame are 
connected together by line links, and 
since there are ten horizontal circuits 
for each crossbar switch, ten line 
links are available to each subscriber, 
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and 100 line links to the subscribers switch with only ten vertical units 
of each line-link frame. Since a single will be used for the last extension 
crossbar switch does not have more bay. There will be from two to seven 
‘than twenty vertical units, this would of these groups in each row depending 
provide one link for each two sub- on the number of primary bays, and 
scriber lines, which for ordinary call- thus from twenty to seventy on a 
ing rates is more than is needed. line-link frame, which has ten rows of 
Where the calling rate does not switches. This is indicated by Figure 
warrant so liberal a provision of line 2, which shows the ten horizontal 
links, one or more additional primary rows of primary switches, each with 
bays, referred to as the extension three twenty-unit crossbar switches 
bays, are added, and all are served by and one ten-unit switch to provide a 
the same group of I00 line links. The maximum of seven groups of ten 
headpiece of this article shows an_ lines. Any one group of lines may be 
actual frame with only a single bay identified by specifying its horizontal 
of primary switches. Beneath the and vertical positions on the line-link 


primary crossbar 
switches, under the 
can covers, are the line 
relays, which operate 
when a subscriber 
places a call. Figure 1 
shows an installation 
where three bays of 
primary switches are 
provided. With this 
arrangement, ten line 
links serve sixty lines. 
At the bottom of the 
bay of secondary 
switches is a cabinet 
enclosing the relays of 
the controller circuit, 
and just above this 
cabinet are the multi- 
contact relays by 
which this circuit is 
connected to the cross- 
bar switches. 
Subscriber lines con- 
nected to the line-link 
frame are arranged in 
groups of ten—one or 
two groups being con- 
nected to each primary 
switch. Where there is 
an odd number of 
groups, a crossbar 
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Fig. 1—A line-link bay at the Troy Avenue Office, which em- 
ploys three bays of primary switches 
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frame. Thus the group marked c in 
Figure 2 may be identified as that at 
the intersection of horizontal group 6 
and vertical group 4. By identifying, 
in addition, one of ten possible ver- 


HORIZONTAL GROUPS 
— 


VERTICAL GROUPS 
Fig. 2—Any of the seventy possible groups 
of ten subscriber lines can be identified by 
specifying the horizontal and vertical groups 


tical positions within a vertical group, 
a particular line is identified. By pro- 
viding a relay for each horizontal 
group, designated from Ho to Hg, a 
similar set for each vertical group 
designated vo to v6, and a set for the 
positions within a group designated 
LO to Lg, any calling line can be 
identified by the operation of three 
relays. The line marked x on the 
diagram, for example, would be iden- 
tified by the operation of H6, v4 and 
L4—the line at the extreme left of each 
group being numbered o. 

Besides the three sets of identifying 
relays, certain others are required for 
their proper codrdination. Figure 3 
shows a simplified schematic of the 
identifying circuit, and from it the 
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sequence of operation may be fol. 
lowed. At the upper left of the dia- 
gram, the possible seven groups in 
each of the ten rows are indicated by 
the hold magnets of the first and last 
line of the first and last vertical 
groups in the bottom and top hori- 
zontal rows, and the corresponding 
line relays are shown. A line relay, 
marked L, is associated with each 
subscriber line, and the operation of 
one of these relays at once seizes the 
line-group controller circuit. 

Three relays are employed in the 
identification of each horizontal group, 
and these are marked HA, HG, and u. 
There are ten such groups of relays, 
and each relay has a digit from 0 tog 
following the letter to identify the 
group. When a subscriber lifts his 
handset, his line relay operates. This 
operates HA, and, in turn, HA operates 
HG. This identifies the horizontal row 
in which the calling line is located, 
since a line in any other row would 
have operated different HA and HG 
relays. Operation of an HG relay 
connects the windings of the seven v 
relays to the leads from the ten groups 
of line relays in the row that has al- 
ready been identified—the ten line 
relays in each group being connected 
to a common lead. The v relay that 
corresponds to the group of lines with 
an operated line relay will operate. 
The arrival of a second call before the 
first has been identified is prevented 
from interfering with the action of the 
line-group controller by circuit ele- 
ments not shown. 

Each group of lines in each hori- 
zontal row has associated with it an 
LR relay, and when a Vv relay operates, 
it—in turn——operates the LR relay of 
the group containing the calling line. 
The leads from the contacts of the v 
relays are multipled to separate con- 
tacts of all the HG relays, and thence 
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run to the LR relays of each hori- 
zontal row. Since only one HG relay is 
operated, however, the path to all 
the LR relays, except in the identified 
row, are open. Moreover, since only 
one v relay is operated, only the LR 
relay in the corresponding vertical 
group will operate. 

The operation of an LR relay, 
through ten front contacts, closes 
paths from each of the line relays in 
its group to the ten LT relays, which 
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are used to identify a particular line 
within a group. Since only one - relay 
is operated, however, only the tr 
relay corresponding to that line will 
operate. 

Most of these relays have contacts 
or functions other than those shown. 
The dotted sections of line running to 
the HA, Vv, and LT relays indicate ad- 
ditional equipment, required largely 
to take care of conditions arising 
when more than one call is placed at 
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Fig. 3—Simplified schematic indicating the relays involved in line identification 
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approximately the same time. The u 
relay, included in each horizontal row 
in addition to the HA and uc relays, 
acts through the contacts shown, to 
isolate the vertical groups so that 
several v relays cannot remain oper- 
ated by a single line relay. 

As soon as an HG relay has oper- 
ated, identifying the horizontal row 
in which the calling line is located, 
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LINE LINK TEST 


DISTRICT JUNCTOR 

GROUP SELECTOR 

Fig. 4—Idle link identification is made by 
ten groups of ten pairs of relays 


and thus the group of ten line links 
over one of which the connection will 
be made, the controller circuit— 
through another group of relays— 
starts to look for an idle link that can 
be connected through to an idle dis- 
trict junctor for which a sender is 
available. The ten line links from each 
horizontal row run to different secon- 
dary switches, and some of them may 
be in use for other calls. The first step, 
therefore, is to eliminate those of the 
ten line links that are busy. This will 
determine the line links that are 
available for the call, and these par- 
ticular line links, since each goes to a 
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different secondary switch, will desig- 
nate the groups of district junctors 
that may be used. Some of these 
district junctors, however, also may 
be busy, and others may not have 
senders or sender links available, and 
all such junctors must be eliminated 
from the circuit before the final selec- 
tion of the path is made. 

Line-link selection is made by ten 
T and ten Gc relays as indicated in 
Figure 4. When an uc relay operates, 
it connects the ten T relays, through 
contacts on the uc relay not shown in 
Figure 3, to the ten line links coming 
from the horizontal row of crossbar 
switches with which the particular ue 
relay is associated, and the line links 
that are busy operate their associated 
tT relays. Operation of a T relay opens 
the circuit to the corresponding c 
relay so that it cannot operate; the 
G relays that ultimately operate indi- 
cate the available paths. 

Even though a T relay does not 
operate, indicating thereby that the 
associated line link is idle, the cor- 
responding c relay may not operate 
because the circuit connected to its 
winding through the back contacts of 
its T relay passes through other 
apparatus, as indicated by the dotted 
line. This circuit will not be closed 
unless there is at least one idle dis- 
trict junctor on the secondary switch 
to which that line link runs, and un- 
less an idle sender is available for use 
with the district junctors. Those c 
relays that do operate thus indicate an 
idle line link, an idle district junctor, 
and an available sender. Of these pos- 
sible paths, the controller circuit 
selects one. Having made this choice, 
it operates the select magnets of the 
primary switch. 

At the secondary switch, this line 
link has access to ten district junctors, 
one or more of which are idle. They 
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are all served by the same sender-link 
frame and the same group of senders, 
however, and the sender-link con- 
troller circuit chooses one of the 
district junctors and also one of the 
available senders as described in a 
previous article.* Having made its 
selection, the sender controller circuit 
operates the select and hold magnets 
of the sender-link frame, and the hold 
magnets on the primary and secon- 
dary switches of the line-link frame. 
It then releases all the select magnets 
and restores itself to normal. This 
connects the sender to the calling line 
and dial tone is sent to the sub- 
scriber, who then begins to dial. This 
entire sequence and concomitancy of 
relay operations, which has required 
some two thousand words to outline 
in the briefest detail, requires only 
six-tenths of a second to complete. 
In this description of the location 
of a calling line, it has been tacitly 
assumed that only one call came into 
the frame during the fraction of a 
second that is required to connect to 
it and to release the 
controller circuit. Even 


This sequence handling of calls is 
secured by the simple device of 
“chaining” the HA, v, and LT relays as 
indicated in Figure 5. Suppose, for 
example, that calls came in simul- 
taneously on a number of horizontal 
rows. The Ha relays of all such rows 
would operate, but the ground con- 
nection that will operate the Hc 
relay is carried in a “‘chain” through 
contacts on all the wa relays. If one 
of the calling lines is in the zero level, 
HGO will be operated, but the others 
will not because their ground circuit is 
open at Hao. Had there been no call 
in the zero level, the ground lead 
would have been passed, through a 
back contact on HAO, to HAI. 

A similar “chaining” is applied to 
the v relays, so that only one LR relay 
will operate, and to the tt relays so 
that only one hold magnet in any 
vertical group will be operated. Hav- 
ing found and connected to one of the 
calling lines, the controller circuit 
would start over again and establish 
a connection to the next. 


TO LR RELAYS oo 
though a number of 7% 
lines on the frame if | | 
should place a call at ive he 
the same instant, how- TP Has 
no confusion or double 
connections; the calls HA RELAYS 
would be handled, one res — 
immediately after the 
other, following a defi- 
nite sequence. The rate 4 
at which calls come in ise 
conditions is not so 9} . ~ CL. 
great as to make the 
for the handling of calls — OU 


ahead of it important. 
*Recorb, April, 1939, p. 234. 
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Fig. 5—Typical chaining circuits of the line-link controller 
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A Precision Clock for Telephone Time 


By R. V. TERRY 
Electromechanical Apparatus 


HE apparatus employed in 

time bureaus, which has al- 

ready been described in the 
Recorp,* employs an_ electrically 
regulated wall clock that makes con- 
tacts for sending out the time tones 
and also for sending out pulses to 
operate the electric clocks on the 
turrets in front of the time operator. 
Both the master clock and the oper- 
ator’s turret clock are provided in 
duplicate. A new clock has recently 
been developed by the Laboratories 
for this service and is now in use at 
the East Thirtieth Street Office in 
New York City. It acts both as a 
~ *ReEcorD, March, 1931, p. 335. 
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master clock and as the operator’s 
clock, and mounts in a turret as shown 
in the photograph at the head of this 
article. Its driving power is a syn- 
chronous motor which is normally 
driven by a precision frequency dis- 
tributed over Bell System circuits, 
but which may be operated from a 
regulated commercial supply if de- 
sired. The power input is only four 
watts, well within the output capacity 
of the 94c amplifier,t which is suit- 
able for use between the clock and 
the high-precision sixty-cycle supply. 

This new clock serves both for 
time announcements and as the time 
fREcorD, November, 1938, p. 89. 
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standard for New York City 
and the surrounding metro- 
politan area. It is designed to 
provide four accurately timed 
electrical pulses for different 
circuits. Two of these pulses, 
each of one-half-second dura- 
tion and repeating at fifteen- 
second intervals, are used for 
the time service. One of them 
starts at 714 seconds past the 
minute, and signals the oper- 
ator to begin her time an- 
nouncement. The other, start- 
ing on the minute, sends the 
time tone over the line. The 
third pulse, also of a_half- 
second duration, is sent every 
six seconds, starting on the 
minute, and drives the clocks 
at the operators’ positions. 
The fourth pulse, of one-sec- 
ond duration, is sent every fifteen 
minutes starting at fourteen minutes 


Fig. 1—Time unit with cover removed 
showing the four timing commutators 
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Fig. 2—Side view of time unit showing moveable 
bracket, at the lower right, for adjusting the duration 


of the announcing period 


and fifty-nine seconds after the hour, 
and is used to synchronize the clocks 
for general use around the offices of 
the area served by the time system. 
These are self-winding clocks, and 
heretofore have been synchronized 
hourly by a separate source. 

One of the disadvantages of the 
previous time system was that the 
pulses delivered by the master clock 
were obtained from cam-operated 
contacts. It was difficult to maintain 
the adjustment of the fingers relative 
to the cams so that the contact would 
be made at exactly the right moment, 
and in addition a certain amount of 
contact chatter could not be entirely 
eliminated. All of these difficulties are 
avoided in the new design by the use 
of commutator-type contacts. There 
are four of these commutators; and 
each consists of a cylinder of insulat- 
ing material in which is set a silver 
segment, flush with the surface. Pairs 
of silver fingers ride on each commu- 
tator, and the circuit is completed 
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from one finger to the other 
through the commutator seg- 
ment. Since there is no up and 
down motion of the fingers, 
there is no contact chatter, 
and nothing to disturb the ac- 
curate timing of the pulses. 
All of the commutators are 
driven through a set of gears 
from the motor, but at dif- 
ferent speeds. Two of them, 
those at the right of Figure 1, 
are on the same shaft and 
make four revolutions per 
minute. The outermost of 
these two commutators has 
two pairs of fingers resting on 
it—one at the bottom and one 
at the top. The bottom pair 
sends out the time tone, and 
the upper pair sends the signal 
that notifies the operator to begin 
her announcement. These latter fin- 
gers are normally set so that the seg- 
ment makes contact with them 7% 
seconds before it makes with the lower 
fingers. This interval is usually long 
enough to give time for the announce- 
ment, but this pair of fingers is 
mounted on an adjustable bracket, 
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Fig. 3—Gear arrangement used to drive the 
various commutators 
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Fig. 4—View of time unit showing cyclometer, at 
the left, and the adjusting knob and gears for 
rotating the motor winding, at the right 


evident in Figure 2, so that the 
interval can be made _ somewhat 
shorter or longer if desired. 

The innermost of the two commu- 
tators on this shaft is used with the one 
at the extreme left in Figure 1, for syn- 
chronizing the self-winding clocks in 
the central-office buildings. This latter 
commutator makes one revolution in 
fifteen minutes, and its speed is thus 
too slow for accurately determining 
either the duration or time of oc- 
currence of the pulse. The fingers on 
this commutator are therefore con- 
nected in series with those on the 
inner fifteen-second commutator. The 
segment on the slow commutator 
makes contact with its fingers some 
seconds before the pulse is to be sent 
out, and remains in contact with them 
some seconds after it has been sent 
out. The high-speed commutator regu- 
lates both the timing and the duration 
of the pulse. It will be noticed that its 
segment is longer than the others as 
the pulse it sends out is of one-second, 
instead of a half-second, duration. 
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The commutator above the fingers 
of the time-signal commutator makes 
one revolution every six seconds, and 
provides the pulses for driving the 
operators’ clocks. 

All driving gears, shown diagram- 
matically in Figure 3, are in the nar- 
row, irregularly shaped housing from 
which the commutators project. This 
housing is partially filled with oil, so 
that the gears are quiet and run 
under ideal lubrication conditions. 
The synchronous motor is of a new 
design with a rotor speed of 100 rpm, 
and with two windings assembled in 
the cylindrical drum directly to the 
left of the housing as shown in Figure 
1. A condenser is required to secure 
the proper phase relationship between 
the two windings, so that three leads 
must be carried to the motor. These 
pass through the three slip-rings and 
brushes on one side of the motor 
drum, as may be seen in the illustra- 
tions. 

Slip-rings are necessary because the 
drum that carries the motor winding 
and bearings is arranged to rotate, to 
provide for adjusting the clock to the 
correct time. A gear attached to the 
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Fig. s—Gear arrangement for the adjusting 
drive 
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Fig. 6—Front view of time unit 


drum, shown in Figure 4, is driven by 
another gear, which may be turned 
by the adjusting knob shown at the 
right of the illustration. An exactly 
similar gear and knob is provided at 
the other side of the mechanism, and 
is geared to the first one through a 
shaft running beneath the clock, as 
shown in Figure 5. This arrangement 
permits the clock to be adjusted from 
either side. One revolution of the 
knob advances or retards the mecha- 
nism by one second, and a dial is grad- 
uated in hundredths of a second to 
give precision in setting. 

The cyclometer that indicates the 
time consists of one cylinder for indi- 
cating the hour, two similar ones for 
indicating the minutes, and a disk at 
right angles to the cylinders for indi- 
cating the quarter minutes. This disk 
is driven continuously by a shaft from 
the gear box, while the minute and 
hour cylinders are driven from it by 
cams. A front view of the unit with 
cover in place, Figure 6, shows the 
time indications as seen by the oper- 
ator. When the quarter-minute arrow 
is at the white line at the right, the 
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warning tone is sent out, and when it 
is at the line at the left, the actual time 
pulse is sent out. The operator thus 
always has a visual indication of the 
time remaining in which she must 
complete her announcement. 

Two of these clocks are mounted in 
the turret, and driving current for 
each is supplied through a separate 
channel in the central office. Each is 
arranged so that in case of failure of 
its normal supply, it will be auto- 
matically switched to the commercial 
sixty-cycle supply, which will drive 
the clocks, at possibly somewhat re- 
duced precision, during the period of 


the emergency. The sixty-cycle com. 
mercial supply is also employed to 
furnish power for the amplifiers asso. 
ciated with the time-announcement 
system. Should this commercial sup. 
ply fail while the precision-frequency 
was still available, the amplifiers will 
be automatically switched to a bat. 
tery-driven motor-generator, which 
will supply the needed 1 10-volt power, 
In this way continuous operation of 
the time-announcement system is 
assured except under the very un- 
likely failure of both the precision- 
frequency and the commercial power 
supply at the same time. 


Extruded Lead Casings for Condensers 


By G. R. GOHN 


Electromechanical Development 


N improved condenser encased 
in an extruded lead tube has 
been developed by the Labora- 

tories and is now being manufactured 
by the Western Electric Company. 
This form of container will gradually 
replace in station equipment the 
familiar rectangular tin can now used. 
The extrusion of soft metal tubes is 
not new—tooth-paste and other prod- 
ucts are sold in them—but the extru- 
sion of collapsible tubes in forms other 
than round appears to be rather new 
and has recently been developed by 
the Laboratories. 

Prior to the adoption of the ex- 
trusion method, condenser cans were 
made by folding up a flat blank of tin 
plate and soldering three of the bot- 
tom edges and a side seam. This 
method was expensive, until a ma- 
chine was developed by the Western 
Electric Company to carry out the 
operations automatically. The tight- 
ness of the soldered joints was also 
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questionable. The seamless extruded 
can is tight and, while somewhat more 
expensive than a machine-made sol- 
dered container, is superior from an 
engineering standpoint because it is 
moisture-proof. 

The extrusion process permits the 
manufacture of seamless, cup-shaped 
articles with one pair of dies and at a 
single stroke. This is accomplished by 
applying sufficient pressure to a 
relatively massive blank to make the 
metal flow through a restricted orifice. 
These blanks may be either hot or 
cold and both mechanical and hy- 
draulic presses are used. In the extru- 
sion of lead cable sheath and in other 
operations where steady pressures are 
employed, hydraulic presses are used. 
For small collapsible tubes, which are 
made by impact extrusion, mechanical 
equipment is preferred because its 
operating speed is higher and it yields 
a greater output. The extrusion of 
lead is carried out at, or not much 
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Fig. 1—Experimental equipment for extruding lead casings for condensers, as de- 
veloped by the Laboratories, is illustrated by this series of photographs. A punch ts 
forced into a die which holds a lead blank. This forces the lead up around the punch to 
form the casing. The casing is removed from the punch mechanically by a felt finger as 
shown in E and F, aided by air pressure applied through a poppet valve in the punch 
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above, room temperature and _ re- 
quires pressures of 40,000 to 60,000 
pounds per square inch. 

Condenser tubes are extruded by 
an impact operation on a shaped blank 
of chemical lead, which has the same 
cross-section as the finished product. 
The thickness of this blank has to be 
sufficient to provide the metal needed 
to make the bottom and side walls of 
the can with some excess for trimming 
to length. The blank is placed in the 
cavity of a die, which has parallel 
outer surfaces corresponding in out- 
line and dimensions to the outside 
of the finished condenser can. The 
depth of the die is slightly greater 
than the thickness of the blank. By 
applying pressure to the blank by a 
punch shaped like the die, but 
small enough to allow for the thick- 
ness of the walls of the condenser can, 
the soft metal is forced to flow through 
the orifice between the punch and the 
die and forms the side walls of the 
can. The bottom of the can is formed 
in the die by restricting the stroke 
of the press so that the punch cannot 
touch the die at the bottom of its 
stroke. On the upstroke the extruded 


can clings to the punch and has to be 
removed either by air pressure or 
mechanical fingers. Cylindrical cans 
are expanded by air pressure sufhi- 
ciently to permit ejection from the 
punch but rectangular or oval-shaped 
cans like those used for telephone con- 
densers would cling more tightly to 
the punch if this means of ejection 
were tried because they would con- 
tract along the diagonals of the can. 
In this case a combination of air pres- 
sure and mechanical stripping is used. 

During the extrusion operation, the 
active portion of the punch is at the 
lower end where the metal flows from 
the bottom around the sides. Above 
this active portion the cross-section 
of the punch is reduced to relieve the 
flowing lead from internal pressure 
and to reduce the friction between 
the can and the punch immediately 
after extrusion. This reduction is 
necessary because the extruded can 
has a tendency to cling to the punch. 
For the same reason it has been found 
advisable to aid removal of the can by 
admitting air to it through a small 
poppet valve in the bottom of the 
punch. Opening the valve breaks the 


Fig. 2—Collapsible tubes extruded in the Labora- 
tories Shop. The smallest tube on the right is made 
of aluminum and the other four are lead 
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vacuum which is formed inside the 
can when an attempt is made to re- 
move it by force. This operation pre- 
vents collapse of the can where me- 
chanical stripping is employed and 
serves as a means of applying air 
pressure where the cans are blown off. 

When round cans are extruded the 
flow path from the center of the slug 
to the outer periphery is uniform in 
all directions and no particular diff- 
culty is encountered. With oval or 


rectangular units, however, the flow 
path is not the same to all parts of the 
can and very careful tool design js 
required to insure an equal rate of 
flow of the metal past all parts of the 
punch. With this careful adjustment, 
which is facilitated by the use of 
liner-pins, no difficulty is encountered 
in the extrusion of oval or rectangular 
cans. This has been demonstrated by 
their successful use in the manufac- 
ture of the new condensers. 


Coatrincs For MeErTALs 


“The chief purpose of this book, admirably accom- 
plished, is to meet the needs of that large body of chemists, 
engineers, and executives who must decide what methods 
should be used to protect various metals under the conditions 
to which they may be subjected in service. Such persons 
will find in this volume a wealth of information that has 
resulted from a critical review of the literature and practice 
in this field. Its authenticity is increased by the fact, noted 
in the introduction, that appropriate sections of the manu- 
script were read by over 20 specialists in different branches 


of this subject. 


“The major subjects are: 


mechanism of corrosion, 


surface preparation, types and methods of application; 
coatings of zinc, cadmium, tin, nickel, chromium, copper, 
lead, aluminum, silver, gold, and platinum metals; and 
methods of testing metallic coatings. In addition, three 
chapters are devoted to the composition, application, and 
evaluation of paint coatings on metals. A final chapter 
includes oxide and phosphate coatings and vitreous 


enamels. 


“The authors, R. M. Burns and A. E. Schuh, have ren- 
dered a great service to science and to industry by their 
compilation of this fund of knowledge into a clear, read- 


able text.” 


William Blum, in “Industrial and Engineering Chem- 


istry,’ April 10, 1939. 


Holding-Magnet Selector for Teletypewriters 


By W. Y. LANG 
Electromechanical Development 


HEN a teletypewriter key 

is depressed, a signal is 

sent which includes a start 
interval, different combinations of 
five equal “‘current-on”’ and “‘current- 
off” intervals, and a stop interval. At 
the receiving end this signal is sorted 
out by a mechanism which chooses 
the character called for by setting 
each of five code bars or code discs in 
one of two positions, corresponding 
to the “current-on” and “current- 
off” condition. In the older teletype- 
writers used by the Bell System a 
separate magnet was required to set 
each code bar. Later the five-magnet 
arrangement was replaced by another 
which requires only one magnet with 
its associated mechanism to set all 
five code bars. This magnet performs 
its functions by having the operating 
current pull up an armature during 
the “‘current-on” intervals. A subse- 
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quent development modifies this 
mechanism by driving the armature 
mechanically against the magnet pole 
face, once for each of the five equal 
signal intervals, and for the stop 
interval. This reduces the pull re- 
quired of the magnet and permits 
operating teletypewriters with about 
one-third of the magnet current form- 
erly used. 

In most teletypewriter services it 
was necessary to provide a line relay 
at the teletypewriter station, since 
the proper margin of operation could 
not be obtained with the teletype- 
writer magnet operating directly in 
the line. In a-c areas this necessitated 
the provision of a rectifier or motor 
generator set to supply d-c locally for 
the relay biasing current and for the 
magnet current. Furthermore, in tele- 
typewriter exchange service large use 
is made of a line current of 0.02 
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Fig. 1—Holding magnet and selector mechanism of the 15- 


type teletypewriter 


ampere in place of the customary 0.06 
ampere, to permit certain desirable 
switchboard arrangements. This re- 
quired the use of a more sensitive and 
more expensive line relay at the tele- 
typewriter station. In searching for 
means of reducing the cost of station 
equipment the possibility was noted 
of eliminating the line relay and 
rectifier by providing a magnet that 
could be operated directly in the line 
either at 0.06 ampere or at 0.02 am- 
pere. Attempts to modify the stand- 
ard magnet to meet this requirement 
were unsuccessful because of re- 
sistance and inductance limitations. 
The problem was brought to the at- 
tention of the Teletype Corporation 
whose engineers suggested the adap- 
tation of a new “holding” magnet 
selector which they had in process of 
development for a special high-speed 
teletypewriter. The holding magnet 
has subsequently superseded the pull- 
ing magnet and is being employed 
quite generally not only with 0.02- 
ampere circuits but also with 0.06- 
ampere circuits. 


The principle on which the holding 
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magnet operates is the 
mechanical presenting 
of the armature to the 
poles of the magnet at 
the same time that 
each of the selecting 
impulses is received, 
The mechanical drive 
mechanism is removed 
during the continua- 
tion of the impulse and 
leaves the armature 
held, if current flows 
through the magnet, 
or released, if no cur- 
rent flows. A much 
weaker current is suf- 
ficient to hold the arm- 
ature in the operated 
would be required to 
its released position. 


position than 
pull it from 


Fig. 2—The selector mechanism. Armature- 
lever cam (D) presents the armature (B) to 
the magnet (A) for each signal impulse ex- 
cept the start impulse. The locking-lever 
cam (1) holds the selector arm (f) in the 
marking or spacing position. There are 
five selector-lever cams (¥), of which one 1s 
shown in the illustration; and a clutch cam, 
not shown, which starts the printing 
operation. Other parts of the mechanism 
are the armature lever (c), selector lever (G), 
locking lever (uw), detent stop (J), locking 
wedge (Kk), sword (L), and ““T” lever (M) 
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The photograph, Figure 1, and 
drawing, Figure 2, show the cams 
which present the armature to the 
polefaces and the operation of the 
selector mechanism. On one end of 
the main shaft an assembly of cams 
is driven by a motor through a 
friction clutch. The first cam of the 
assembly, the arma- 
ture-lever cam, pre- 


leases when the armature lever drops 
off its cam peak and the selector arm 
returns to the spacing position. This 
is the condition illustrated in Figure 2. 
When the selector cam has rotated to 
release the armature lever the locking 
lever drops in an indent in its cam and 
holds the selector arm in position. 


CURRENT “ON” AND “OFF” INTERVALS 


se 
the cores for each im- 8 LINES! 
pulse except the start- LICURRENT 
ing impulse. The | | |. | 
cam, holds the selector ARMATURE 

or “‘spacing”’ position. 

are selector-lever cams 

IS-TYPE CLUTCH LEVER 
which operate selector 
levers 1 to 5 respec- 26-TYPE CLUTCH LEVER 
ivel d the eighth -1\ 
tively, and the eighth, 
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or clutch cam, trips e 
the main-clutch lever. 

When the teletype- 
writer is ready to re- 
ceive, a steady current 
flows in the line and 
the selector-cam as- 
sembly is held from rotating by a 
latching mechanism. On the arrival of 
a signal combination, the first im- 
pulse—current off—deénergizes the 
magnet, trips the latching mechanism, 
and allows the cam assembly to rotate. 
The armature lever rises on a peak of 
its cam and moves the armature 
against the magnet. If current is on— 
a “marking” impulse—the armature 
holds, and the spring which connects 
the armature lever to the selector arm 
pulls the selector arm up to its mark- 
ing position.* If current is not on—a 
“spacing” impulse—the armature re- 


*This spring allows the armature to be presented 
before the selector arm has been released by the 
locking lever. 
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ANGLE IN DEGREES 


240 


Fig. 3—Timing of the cams of the selector-cam assembly. 

The relationship between the line signal and the operation of 

the several cams can be varied by repositioning the range- 
Jinder arm of the mechanism 


Selector lever 1 then rises on its 
cam peak and presents the forked ex- 
tension of the selector sword to the 
two lateral extensions of the selector 
arm. If the selector arm is locked in 
the spacing position the lower ex- 
tension of the selector arm blocks the 
lower fork of the sword and raises its 
point. On the other hand if the selec- 
tor is locked in the marking position, 
the upper member of the fork is 
blocked and the sword point moves 
downward. The selector lever then 
drops into an indent in its cam and 
thrusts the sword outward into engage- 
ment with one arm of a “T” lever. 
The “T” lever rotates in turn and 
positions the code bar directly or 
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through linkages such as vanes or bell 
cranks. On receipt of impulses 2, 3, 
4 and 5, the same cycle of operations 
is carried through. Shortly after 
selector lever 5 starts to rise on its 


cam peak, the clutch throw-out lever 


PLATEN ROLL 


TYPE BAR 


,PULL BAR 


— 


CODE 
BARS 


BELL 
CRANKS 


SELECTOR 
VANES 


Fig. 4—Printing action of the 15-type tele- 
typewriter. When the code bars have been 
positioned by a code signal one of the pull 
bars drops into a line-up of slots in the 
code bars. A projection on the pull bar then 
catches the lever connected to the printing 
bail as it advances. This raises the type bar 
and prints the character 


is tripped, thereby allowing the main 
clutch to engage and drive cams asso- 
ciated with it to perform the printing 
or function operation. 

Immediately before the stop pulse 
is received the armature-lever cam 
presents the armature to the magnet 
which is then energized and holds the 
armature. The latching mechanism 
engages the stop arm of the selector- 
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cam assembly and prevents it from 
further rotation. The angles through 
which the individual cams of the 
selector-cam assembly have rotated 
when they operate are shown in 
Figure 3. 

Teletypewriters must be capable of 
typing correctly not only from signals 
of correct length, but also from dis. 
torted signals, in which the “current. 
on” pulses are lengthened or short- 
ened at either beginning or end, 
Furthermore, the teletypewriter must 
have no objectionable effect on the 
operation of the central-office repeater 
to which it is connected. As first tried, 
the holding magnet sent back to the 
central office an induced impulse large 
enough to affect the repeaters. This 
condition was remedied by using a 
non-inductive shunt around the mag- 
net, but this shunt magnified the 
difficulties of meeting receiving margin 
requirements, that is of correctly 
recording distorted signals. The grad- 
ual decay of the releasing current and 
the consequent tendency to variations 
in releasing time resulted in degrada- 
tion of receiving margins and proved 
to be the principal problem in this 
development. Changes in mechanical 
design and refinements in manufac- 
ture provided a satisfactory solution 
of these difficulties. 

The holding magnet has_ been 
adopted not only for the 15-type 
teletypewriter, but also for the regen- 
erative repeater and for the 26-type 
teletypewriter. It is somewhat more 
expensive than the pulling magnet, but 
it does away with the line relay and 
rectifier in most installations. The 
saving from these two items consider- 
ably exceeds the additional cost of 
the holding magnet, which thus pro- 
vides a substantial reduction in the 
average cost of subscribers’ equipment 
for teletypewriter stations. 
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News of the Month 


WEATHER Forecast SERVICE 
BY TELEPHONE 


GovERNMENT WEATHER FORECASTS for New 
York City and vicinity were made available to 
metropolitan telephone users on April 9. To get 
the latest forecast one has only to telephone to a 
Bureau established by the New York Telephone 
Company at its 435 West soth Street building. 
This is the first service of its kind in the Bell 
System. It is continuously available over mechan- 
ical equipment which can serve a large number 
of simultaneous requests. Inquirers call WEather 
6-1212, in the same way as they can call MEridian 
7-1212 for announcements of the correct time. 

These bulletins give the latest government fore- 
casts; and present information received by 
teletypewriter from the United States Weather 
Bureau, usually four times daily. When unusual 
weather conditions prevail or are in prospect, 
the forecasts will be received at more frequent 
intervals. As each new report is received from 
the Weather Bureau, an operator records its 
information in duplicate on two voice-recording 
machines. During this time a third machine is in 
service. Upon completion of the recording this 
machine is replaced by one of the others so that 
with the exception of the time during recording 
there is always a spare machine ready. 


CoaxIAL CABLE INSTALLATION 
IN THE MippLe WEstT 


THe FepeRAL ComMMuNICATIONS CoMMISSION 
has approved the application of the American 
Telephone and Telegraph Company, the Wis- 
consin Telephone Company, the Northwestern 
Bell Telephone Company and the Tri-State Tele- 
phone and Telegraph Company for authority to 
construct a coaxial cable between Stevens Point, 
Wisconsin, and Minneapolis. Although an experi- 
mental cable of this type is now installed between 
New York and Philadelphia, the proposed cable 
represents the first installation of the coaxial type 
of construction for regular service in handling 
telephone and telegraph communications. The 
cost of the project, covering a distance of about 
195 miles, is estimated at close to $2,000,000. 

It is planned to have the cable in partial opera- 
tion in 1941. It will be partly aerial and partly 
underground and can ultimately provide 480 
telephone channels. The decision to employ this 
cable is due to a desire for a storm-resisting 
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carrier over a route where traffic has been 
increasing over a considerable period and is 
expected to increase further. The repeaters, which 
will be spaced at intervals of about five miles, will 
be designed to handle a band of 2,000,000 cycles 
which can be broken into channels of various 
widths—narrow ones for telegraph and_tele- 
typewriter circuits, wider ones for telephone and 
telephotograph, and still wider for the high- 
quality circuits required for broadcasting net- 
work service. While the repeaters are also ex- 
pected to be capable of transmitting television 
frequencies up to about 3,000,000 cycles, the 
use of the system for that purpose is not presently 
contemplated. 


New CarrigER SYSTEMS IN SERVICE 


NEW EQUIPMENT, consisting of type-K and 
type-J carrier systems, considerably increasing 
the number of voice channels over the cable and 
open-wire circuits between New York and 
Florida, has recently been placed in service by the 
Long Lines Department of the American Tele- 
phone and Telegraph Company. This equipment, 
developed by the Laboratories, increases the 
Bell System circuits into Florida by 12 per cent 
over those in service a year ago and is expected 
to take care of substantial growth in traffic. 

The type-J system employs open-wire lines 
between West Palm Beach and Charlotte, North 
Carolina, a distance of 725 miles, while the 
type-K uses circuits in two cables over the 625- 
mile route between Charlotte and New York. 


CoLLoguium 


G. F. Hutt, Jr., spoke at the March 20 
meeting of the Colloquium on How Atoms Inter- 
act With Each Other. According to Dr. Hull 
when two atoms or molecules approach each 
other, they are subject to forces of interaction. 
One of the most important types of interaction 
which occurs between atoms is known as Van der 
Waals force—so named because it is responsible 
for the characteristic form of Van der Waals’ 
equation for real gases. Van der Waals force can 
be investigated experimentally by spectroscopic 
examination of the radiation absorbed by an 
atom when closely surrounded by a number of 
other unexcited atoms or molecules. 

At the April 3 meeting, Dr. Kenneth S. Cole, 
of the College of Physicians and Surgeons of 
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Columbia University, spoke on The Electrical 
Impedance of Nerve and the Nerve Impulse. 
Impedance measurements over a wide frequency 
range show that many living cells, including 
the nerve fiber, have an electrolytically conduct- 
ing interior and a capacitative sheath or mem- 
brane which maintains a potential difference of 
about 100 millivolts at rest. The membrane 


C. W. Green has been appointed Technical 
Representative in Europe to succeed L. F. 
Morehouse who will retire from active service 
in the Bell System early next fall. Mr. Green 
plans to sail for London on May 23 


capacities are about one pF/cm? and usually 
show considerable dielectric loss. Membrane 
leakage resistances from 10% to 10° ohm/cm? 
have been measured at rest. The resting nerve 
fiber is thus a charged noninductive cable. After 
the nerve fiber has been stimulated at one point, 
the impulse is propagated away with a constant 
velocity, wave form and amplitude. 


Desicn Forum 


THE SECOND MEETING of the Design Forum, 
held on March 30, was devoted to a discussion 
of features that must be considered in the design 
of zinc-base die castings and rolled zinc. The 
guest speaker was Mr. E. H. Kelton, Chief 
of the Die-Casting and Rolling Mill Section 
of the New Jersey Zinc Company. Methods of 
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design that would obtain the most in strength 
and utility of zinc-base die-casting alloys con. 
sistent with the economies of die design and 
production were discussed. A number of illus. 
trative examples taken from other than tele. 
phone applications were presented to illustrate 
the principles of design involved. 


“PROTECTIVE COATINGS FOR MeETALs” 


Just OFF THE PRESS is a book that is destined 
to become a standard reference and text book on 
the corrosion of metals and methods that should 
be used to protect them under various service 
conditions. This book, by R. M. Burns and 
A. E. Schuh, was published by Reinhold Pub- 
lishing Corporation, New York, and has 407 
pages of text including 89 illustrations and 22 
pages of index. 


VISITORS TO THE LABORATORIES 


AMONG THE engineers and research workers 
who visited the Laboratories during March: 
from England, E. A. Brofos, International Tele- 
phone and Telegraph Company and P. G. 
Wardle, Electrical and Musical Instruments 
Industries, Ltd.; France, J. Roussel, Manager, 
Le Materiel Telephonique, Fernand Gohorel, 
Technical Manager, Thomas-Houston Company 
and Professor G. A. Boutry, Director, National 
Laboratories of Arts and Meters; Holland, Dr. 
J. H. de Boer, Chemical Research Director, N. V. 
Philips Gloeilampenfrabriken, Eindhoven, with 
L. P. Graner of their New York office and Dr. 
W. R. Vanwijk, Batavsche Petroleum Maat- 
schappij; and Netherlands Indies, Dr. D. R. 
Koolhaas, Chief of the Government Labora- 
tories, Buitenzorg, Java. 


River-Levet INDICATOR 


IN COLLABORATION with manufacturers of 
water-level indicators, the Bell System has made 
available to the United States Weather Bureau 
facilities and equipment for obtaining the height 
of a river at a distant point. The indicator in- 
cludes a mechanical device which follows the 
rise and fall of the water. This is connected to 
control equipment which is mounted in a small 
apparatus cabinet. Both the river-level device 
and the apparatus cabinet will be housed in a 
closed and locked station along a river bank and 
under the supervision of the Weather Bureau. 

The means employed in deriving the river- 
level information is simplicity itself. The control 
equipment in the cabinet is connected through a 
special telephone line to the nearest central 
office. Weather observers call the unlisted number 
of ‘the river-bank station and the called line 
“answers” by returning a tone which tells the 
operator that the called station has answered. 
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The river-level device then transmits a “start” 
tone and then times off an interval whose length 
in seconds is proportional to the number of feet 
by which the river is above a predetermined 
level. A “stop” tone indicates the end of this 
interval and by timing it with a stop watch the 
actual height of the river can be figured. 

The apparatus cabinet of the river-level 
indicator encloses control relays, a ringer and a 
transmitter; while the cover has cut-outs which 
admit the tones set up by the river-level device. 


News Notes 


On Marcu 17, at the dinner meeting of the 
Caltech Alumni Chapter of New York, Dr. 
Jewett discussed informally various phases of 
Bell Telephone Laboratories’ work. 

O. E. BuckLey gave a talk on Industrial Re- 
search Anomalies before the Montclair Society 
of Engineers on March 24. Dr. Buckley pointed 
out some of the anomalous characteristics of in- 
dustrial research, and illustrated his theme by 
stories of accomplishments in electrical com- 
munication. 

R. C. NEwHouse described the radio altimeter 
to the officers of the 77th Signal Corps at a 
meeting held in New York City on March 20. 

W. E. Reicuze has been in California to make 
tests on the radio equipment in the Douglas DC-4 
plane at Burbank Airport. He also discussed 
various aircraft radio problems with several of 
the engineers of the Lockheed, Northrup, Vega 
and Douglas Companies. 

R. A. LEMassena visited Boston to discuss 


the manufacture of multi-conductor cables for 
aircraft radio apparatus. 

F. E. Nimmcke inspected the installation and 
adjusted Western Electric 309B and 14C 
radio transmitting equipments and _ special 
filtering equipment that is used for simul- 
taneous operation for the Kansas City, Missouri, 
Police Department. 

J. C. Bayes visited Durham and Salisbury, 
North Carolina, to inspect and adjust installa- 
tions of Western Electric 310B radio trans- 
mitting equipments at Radio Stations WDNC 
and WSTP. 

V. M. Cousins visited the Sprague Specialties 
Company of North Adams, Massachusetts, on 
March 29 to discuss condenser problems. 

G. H. Downes and E. B. Woop were in 
Norfolk, Virginia, consulting with engineers of 
the Chesapeake and Potomac Telephone Com- 
pany of Virginia on air-conditioning matters. 

H. H. Sraesner discussed cord development 
problems with engineers at Point Breeze. 

F. F. Lucas spoke on Late Developments in 
Ultra-Violet Microscopy before the Technology 
Club of Syracuse, New York, on April 3. 

MEMBERS OF THE LaBorATORIES who have 
recently made trips to the Hawthorne plant of 
the Western Electric Company include H. H. 
Glenn, who discussed wire problems; L. N.. 
Hampton, rolling-ladder brakes, hand generators, 
direct-current meters, gas detectors, connecting 
blocks and tools; T. E. Shea, C. N. Hickman, 
R. F. Mallina, R. G. Watling and H. O. Sieg- 


mund, new developments in switching apparatus; 


At the left the Bell System unattended station equipment with cover removed and at the right 

the water-level indicator. As the float rises and falls the drum at the extreme right turns, thus 

changing the position of a contact; this determines how much time will elapse between the start 
and stop tones which are heard over the telephone 
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N. R. Stryker, sound tests on ringers; A. E. 
Ruehle, spectrochemical problems; R. L. Luns- 
ford, problems relating to the engineering of 
unattended dial-central equipment; H. W. Heim- 
bach, equipment phases of remote-control regis- 
tration for panel equipment; and H. O. Siegmund, 
crossbar, panel and step-by-step apparatus 
problems and new developments. 

R. H. Couey attended the Executive Com- 
mittee meeting of the American Wood-Preservers’ 
Association held in Chicago, March 16. He also 
visited the Forest Products Laboratory in Madi- 
son, Wisconsin, to discuss problems on timber 
preservation and timber testing. With cedar pole 
producers in the Minneapolis area he conferred on 
general questions on butt treatment of cedar and 
full-length treatment of western red cedar poles. 

C. H. Amapon and R. H. Co.iey were in 
Connecticut recently to investigate the behavior 
of western red cedar poles in service. 

C. H. AMapon made an inspection of creosoted 
southern pine poles in the Jacksonville Area. 

G. Q. LumspeEN visited the Forest Products 
Laboratories of Canada, Ottawa, with repre- 
sentatives of the Bell Telephone Company of 
Canada in connection with the problem of butt 
treatment of native poles for rural Canadian area. 

J. G. SEGELKEN was in Philadelphia making a 
study of conductivity of treated poles in storage. 

On a TRIP through the Southeastern States 
made from February 25 to March 28, H. A. 
Frederick discussed telephone apparatus prob- 
lems with engineers in the Associated Com- 
panies at Charlotte, Knoxville, Chattanooga, 
Atlanta, Augusta, Jacksonville, Savannah and 
Charleston. At each of these places he also spoke 
before groups of engineers on apparatus develop- 
ment, describing the high-speed motion picture 
camera developed by the Laboratories and dis- 
cussing its use in the development of telephone 
apparatus. He showed films taken with this 
camera among which were pictures of the burning 
out of fuses, the vibration of telephone relays, 
the chatter of various impacting parts, and 
human vocal cords in operation. 

E. W. Nixes and F. S. Corso, with L. LaRock 
of the New York Telephone Company, inspected 
telephone-booth wiring at the New York World’s 
Fair and the Jamaica court house. 

B. O. Temp.eton and G. C. Porter were in 
Philadelphia and in Smyrna and Dover, Dela- 
ware, to investigate coin collectors. 

C. H. Franxs of Hawthorne discussed com- 
bined sets and dials while at the Laboratories. 

J. W. Joseru of Hawthorne visited the Lab- 
oratories to discuss miscellaneous gauges and 
tools with several of the Laboratories engineers. 

J. R. Townsenp spoke on High-Speed Motion 
Pictures and Their Application to Telephone Ap- 
paratus Design Problems before the Philadelphia 
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and Atlanta sections of the A.I.E.E. on March 
7 and 23, respectively. On April 13 he took 
part in a general meeting of the New York 
section devoted to the subject New Electrical 
Insulating Materials and Their Application, his 
paper covering the application of these materials 
to telephone practice. 

TELETYPEWRITER APPARATUS was discussed by 
F. R. McMurry, E. F. Watson, R. D. Parker 
and H. O. Siegmund at the Teletype Corporation 
and the IIlinois Bell Telephone Company. 

B. F. Runyon was in Boston to observe con. 
tacts in the Lynn crossbar office. 

J. M. Juran of the Western Electric Company 
at Hawthorne addressed the Out-of-Hour Course 
on Manufacturing Methods. The subject upon 
which he spoke was Inspection. 

W. A. Evans and R. Burns, at Washington, 
attended meetings of the A.S.T.M. committees on 
Insulating Materials and on Plastics. Later Mr. 
Burns visited the Hydraulic Press Manufacturing 
Company at Mt. Gilead, Ohio, and the Western 
Electric Company at Hawthorne in connection 
with molding problems. 

ReEcIonaL MEETING of the A.S.T.M. held 
in Columbus, Ohio, was attended by W. E. Camp. 
bell, C. H. Greenall, J. H. Ingmanson, A. E. 
Ruehle and J. R. Townsend. 

G. R. Goun, at the R.C.A. Laboratories and 
the Driver Harris Company in Harrison, New 
Jersey, and the Western Electric Company in 
Kearny, discussed raw materials for use in 
vacuum tubes. 

W. J. Farmer and J. P. Guerarp resumed 
field tests on cable sheath at Chester. 

J. Crastree lectured on High-Speed Motion 
Pictures and Their Application to Telephone 
Apparatus before a conference of Plant Depart- 
ment supervisors of the New Jersey Bell Tele- 
phone Company at a meeting held in Newark. 

W. A. SHEwuart spoke on Statistical Methods 
in the Control of Quality at Carnegie Institute of 
Technology in Pittsburgh. 

V. L. Rownci visited the Boston Wire and 
Stitching Company in Providence on problems of 
production machinery. 

K. K. Darrow gave lectures on Radioactivity 
before the Rutgers Chapter of Sigma Xi at 
New Brunswick on February 27, and before the 
Science Club of Johns-Manville, Manville, New 
Jersey, on March 5. On March 24, Dr. Darrow 
spoke on Cosmic Rays: The Primary Rays and 
the Phenomena of Showers at a meeting of the 
Metropolitan section of the American Physical 
Society held at Columbia University. 

On Marcu 30, a discussion of Secondary 
Emission Multipliers was presented by J. R. 
Pierce, G. K. Teal and W. Shockley before 
the Physics Colloquium and the Fifth Annual 
Electronics Conference at M.I.T. 
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SEVERAL MEMBERS of the 
Laboratories spoke at the 
Spring convention of the 
American Chemical Society, 
held in Baltimore from 
April 3 to 7- B. L. Clarke 
and H. W. Hermance de- 
jivered a paper entitled 
Microchemistry in Commu- 
nications Research, before 
the Division of Microchem- 
istry; G. T. Kohman, The 
Uses of Cellulose as an In- 
sulating Material, and D. A. 
McLean, Reactions of the Ash 
Constituents of Insulating 
Papers, before the Division 
of Cellulose Chemistry; J. R. 
Townsend and W. J. Clarke, 
Plastic Materials in Tele- 
phone Use, before the Divi- 
sion of Paint and Varnish 
Chemistry; and A. R. Kemp and H. J. Peters, 
Sol and Gel in Hevea Latex and Crude Rubber 
and Influence of Oxidation on Gel-Sol Transforma- 
tion, before the Division of Rubber Chemistry. 

4 

J. N. Reynotps of the Apparatus Development 
Department, with over thirty-three years of 
service in the Bell System, retired from active 
service on the thirtieth of April. Mr. Reynolds 
was graduated from Purdue University in 1904 
with the degree of B.S. in Electrical Engineering 
and three years later received an E.E. degree from 
the same university. His first experience with the 
Bell System was during the summer of 1903 
when he worked for the Engineering Department 
of the Western Electric Company at West Street. 
Again, following his graduation, he worked for the 
company for eight months. Late in 1905 he re- 
turned to the Bell System permanently to engage 
in the development of dial apparatus with which, 
in both inventive and supervisory capacities, he 
has been associated ever since. 

Mr. Reynolds’ early contributions to the 
machine-switching art include the friction-roll 
drive, clutches and sequence switch of the panel 
system, and the use of brush tripping to select 
one particular brush on a rod. He had charge of 
apparatus development for the early semi- 
automatic and call-distributing installations at 
Newark and at Wilmington, and for subsequent 
panel system development. From 1928 to 1936 
he was Dial Apparatus Engineer of the Appa- 
ratus Development Department and had charge 
of the development of improved apparatus for 
panel and step-by-step systems. He was also 
actively engaged in developing crossbar-switch 
apparatus which has recently gone into com- 
mercial use. More recently, as Special Studies 
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F. N. Reynolds 


R. C. Winckel 


Engineer in the Electromechanical Apparatus 
Department, he has been in charge of a group 
concerned with the development of automatic 
switching equipment, and particularly with 
devising new and improved switch mechanisms 
and associated electromagnetic devices. During 
his service with the Engineering Department of 
the Western Electric Company and with the 
Laboratories a total of sixty-seven United States 
patents have been issued in his name. Un- 
doubtedly the most important of these relate to 
the crossbar switch, basic patents for which 
were issued to him. 

On Aprix 5, R. C. Winckel completed thirty- 
three years of service in the Western Electric 
Company and the Laboratories and on the last 
day of the month retired from active service. 
Mr. Winckel joined the Western Electric Com- 
pany in 1906 and worked for two years on the 
design of automatic machine tools for the manu- 
facture of telephone apparatus. He then trans- 
ferred to the Engineering Department where he 
was engaged in the design of plugs, generators, 
ringers, and apparatus used in the panel-dial 
system—then in the infancy of its development. 
In 1909 he was placed in charge of all of the 
apparatus drafting department. 

Mr. Winckel, in 1916, was assigned to the 
transmission design branch of the Engineering 
Department’s work. He worked on the experi- 
mental design of receivers for several years and 
then devoted himself to similar work in connection 
with transmitters. When the present handset 
was first projected, he contributed to the design 
of the instrument. He was also concerned with the 
early transmitter designs for deaf sets, airplanes 
and bank protection devices. Both the condenser 
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and double-button carbon types of microphones 
received much of their mechanical design at his 
hands. Since 1923, in the Research Engineering 
Department, he has devoted most of his time to 
the improvement of the latest designs of trans- 
mitters and receivers. 

On Marcu 16, F. C. Nix addressed the Detroit 
section of the American Institute of Mining and 
Metallurgical Engineers on Superstructures in 
Alloy Systems. On the next day he told the 
Physics Seminar at Purdue University about 
Order-Disorder Transformations in Alloys. 

AT THE MEETING of the Institute of Radio 
Engineers held at Emporium, Pennsylvania, on 
March 7, R. A. Heising presented a paper, 
Radio Extension Links to the Telephone System. 

H. E. Ives gave an Introductory Lecture on 
Fundamentals of Image Transmission before the 
Out-of-Hour Course which was one of the series of 
eight lectures on Trends in Transmission Systems. 

H. FLetcHer demonstrated on Auditory Pat- 
terns before a large audience at Cornell Uni- 
versity. In this he was assisted by J. B. Kelly, 
W. B. Snow and A. R. Soffel. Dr. Fletcher also 
attended the meeting of the American Institute 
of Physics at Pittsburgh. 

W. E. CampBeE Lt visited the South Park and 
the Bailey central office of the New York Tele- 
phone Company in Buffalo in connection with 
studies of contact behavior. 

H. E. MENDENHALL presented a paper en- 
titled Some Physical Problems in Connection 
with the Design of Vacuum Tubes, at the Spring 
meeting of the New York section of the American 
Physical Society held at Hamilton College, 
Clinton, New York, on April 1. 


THE PAPER entitled Peak Field Strength of 


Atmospherics Due to Local Thunderstorms at 150 
Megacycles, by J. P. Schafer and W. M. Goodall 
presented before the I.R.E. and U.R.S.I. meeting 
in Washington last year, was published in the 
proceedings of the Institute for March. 

AT THE APRIL MEETING of the Radio Collo. 
quium, held at the Deal laboratory, W. 4, 
Shewhart spoke on Applications of Statistics in 
Testing Hypotheses. 

W. SHock Ley, on April 6, spoke on the subject, 
The Nature of the Metallic State, before a group 
of physics teachers and students at the College 
of the City of New York. 

A. J. AHEARN presented a paper, Electron 
Microscopes and Some of Their Uses, before the 
Basic Science group of the New York section of 
the A.I.E.E. 

H. E. Martine and J. Zouxer, together with 
representatives of the General Installation De- 
partment of the New York Telephone Company, 
inspected unattended dial central-office instal- 
lations at Central Islip and Lake Ronkonkoma, 
Long Island. 

R. R. Gay is at Dallas and San Antonio, 
Texas, assisting with the trial installation of J2 
carrier-telephone equipment at these two points. 

J. J. Burke visited Albany in connection with 
the trial installation of improved step-by-step 
central-office subscriber-line equipment. 

C. P. WeEtts visited the Manahawkin, New 
Jersey, radio station in connection with the 
power-plant installation. 

V. T. Cattanan observed the manufacture 
and assembly of gasoline engine generator sets 
at Canton, Ohio, and Lansing, Michigan. 

N. Knapp, Jr., at Raleigh, North Carolina, 
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E. T. Burton F. S. Goucher 
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observed modifications of toll switchboards for 
connection to community dial offices. 

J. H. Sore discussed power-plant operation 
and adjustments with representatives of the 
Cincinnati and Suburban Bell Telephone Com- 
pany and the Installation Department of the 
Western Electric Company at Cincinnati. 


MempBers OF THE Laboratories learned with 
regret of the deaths of Granville Matthews of 
the General Service Department on March 21, 
A. B. Sperry of the Systems Development De- 
partment on March 25, and T. P. Neville of the 
Patent Department on April 7. 

Mr. Matthews joined the Western Electric 
Company as a messenger in 1909. A year later he 
transferred to the physical laboratory to perform 
clerical and other work, and was soon assigned 
to the power room which was then a part of that 
organization. Later he took over the records of 
the Central Instrument Bureau, then the opera- 
tion of the refrigerating and humidifying equip- 
ment for experimental use, and in 1921 order 
service for the physical laboratory. On its transfer 
in 1927 to the General Service Department, 
Mr. Matthews was placed in charge of the 
Central Instrument Bureau where he remained 
until his death. 

A. B. Sperry graduated from Iowa State 
College in 1904 with the degree of B.S. in Elec- 
trical Engineering. Upon graduation he joined 
the Automatic Electric Company at Chicago. 
In 1908 he supervised the installation of a step- 
by-step dial office in San Francisco for the 
Automatic Electric Company. In 1910 he was in 
charge of a similar installation at Newark, Ohio, 
and two years later of another office in Chicago. 
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In the latter part of 1912 he went to England 
where he installed a dial office at Epsom. Upon 
the completion of this job he became dial engi- 
neer with the Automatic Telephone Manufac- 
turing Company at Liverpool. 

In 1914 Mr. Sperry returned to this country 
and shortly thereafter became associated with 
the Engineering Department of the Western 
Electric Company at West Street where he 
engaged in the development of dial equipment, 
particularly with reference to step-by-step ap- 
paratus then being introduced into the Bell 
System. When this country entered the war in 
1917 he enlisted as a signal officer and for prac- 
tically the entire period of the war he had an 
important part in maintaining army communica- 
tion in France. In September, 1919, he returned to 
New York with the rank of Major and upon his 
discharge again assumed his duties in the Labora- 
tories. Since July, 1923, he had been in charge of 
the design group that is responsible for the 
circuit development of step-by-step systems. 

After T. P. Neville received his B.Sc. degree 
from McGill University in 1901 he became a 
patent examiner in the Canadian Patent Office at 
Ottawa where he specialized in patent applica- 
tions covering the electrical arts. He joined the 
Patent Department of the Western Electric Com- 
pany in 1920 and immediately became con- 
cerned with the patent work involved in radio 
transmission systems, particularly with trans- 
atlantic telephone, radio telegraphy and broad- 
casting equipment. In the early days of Radio 
Station WEAF he was responsible for preparation 
of many of the patent applications relating to the 
circuits and apparatus employed. In 1926 Mr. 
Neville had charge of the group covering radio 
transmission systems, filters, networks, modu- 
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lators, demodulators and oscillators. This work 
included the investigation of the patentability 
of inventions, preparation and prosecution of 
patents including the handling of many inter- 
ferences in the United States Patent Office, the 
investigation of outstanding patents in this field, 
and studies of patent validity. From 1929 until 
the time of his death, Mr. Neville was engaged in 
similar work in connection with telephotography 
and television. 

J. BauMFALK spent ten days in Youngstown, 
Aliiance and Canton, Ohio, coéperating with 
Telephone Company and Western Electric 
Company engineers in testing and observing the 
performance of intertoll dialing circuits installed 
in these areas. 

E. W. Hancock spent the month of March at 
Lynn, Massachusetts, observing the installation 
and testing of the crossbar equipment. Mr. 
Hancock will remain at Lynn until after the 
cutover of these offices, which is scheduled for 
August of this year. 

D. Rosertson has returned from Dallas, 
Texas, where he has been observing the field 
trial of a new terminal echo suppressor applied to 
a long voice-frequency cable circuit between New 
York and that point. 

AT points ALONG the New York-Charlotte 
type-K carrier-telephone system, I’. B. Anderson, 
C. O. Mallinckrodt and J. P. Kinzer have been 
investigating the transmission performance of 
the system. 

Miss Evcenia V. Wyckorr, at a pre-college 
guidance conference held under the auspices of 
the New Jersey College for Women at New 
Brunswick on March 24, spoke to about 125 
high school seniors on the work in the Labora- 
tories on probability research and the theory 
of trunking. 

T. A. McCann was in Detroit, Cleveland and 
Columbus from March 13 to 17 to discuss matters 
pertaining to regenerative repeaters. 

T. A. TayLor and H. N. CurisTopHER were 
in Martinsburg, West Virginia, and Winchester, 
Virginia, in connection with the investigation of a 
noise-induction problem involving telephone 
circuits of the Chesapeake and Potomac Tele- 
phone Companies. They were accompanied by 
L. B. Bogan of the American Telephone and 
Telegraph Company. 

F. H. Best visited Pittsburgh, St. Louis, 
Denver, Salt Lake City, Los Angeles, San Fran- 
cisco, and Chicago, discussing transmission 
maintenance matters with the Long Lines 


and Associated Company service and trans. 
mission personnel, and inspecting installations of 
the latest transmission measuring systems and 
test boards. He was accompanied during part of 
the trip by members of the Test Board Com. 
mittee. This committee, which is composed of 
representatives from the Laboratories, O. and R, 
and Long Lines Departments, has several new 
test boards actively under consideration. 

H. C. Franke spent two weeks in Charlotte 
where he installed special recording transmission 
measuring equipment in connection with a study 
of the transmission performance of the type-K 
carrier systems. He has returned to Charlotte for 
special observation work in connection with this 
installation. 

H. G. Jorpan and C. S. YEuTTer have spent 
several weeks at Toledo, Ohio, and South Bend, 
Indiana, in connection with a trial of the devia- 
tion-regulating repeater for type-K carrier-tele- 
phone systems. 

A. W. Lesert has returned to New York after 
visiting Oklahoma City and Whitewater, Cal! 
fornia, in connection with tests on the type-J 
carrier-telephone systems. 

At PHOENIXVILLE, J. T. Dixon, R. N. Hunter, 
L. M. Ilgenfritz and R. P. Booth reviewed the 
work being done on applying high-frequency 
systems to open-wire lines. 

THE TENTH ANNUAL CONVENTION of the 
Greater New York Safety Council was held from 
March 27 to 29. During this time about thirty- 
five members of the Laboratories visited the 
exhibits of safety appliances and attended the 
lectures and discussions on safety procedures. 
The annual dinner held in connection with the 
convention was attended by D. P. Barry, 
L. E. Coon, H. E. Crosby, E. T. Herwig, L. S. 
Hulin, C. Erwin Nelson, A. E. Petrie, Miss H. E. 
Racz, W. W. Schormann, G. B. Thomas and 
R. L. Young. 

M. R. McKenney and H. G. Banpriep ap- 
peared before the Board of Appeals at the 
Patent Office relative to applications for patent. 

G. H. Stevenson was in Montreal and 
Ottawa during March in connection with various 
patent matters. 

The LasoraTories were represented in inter- 
ference proceedings by B. F. Stoddard before 
the Board of Appeals at the Patent Office in 
Washington, and by G. C. Lord attending the 
taking of testimony in Camden, New Jersey. 

R. T. Hotcoms, H. S. Wertz and E. B. Cave 
were at the Patent Office during March in con- 
nection with various routine patent matters. 
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N illustration of organized engi- 
neering in the Bell Laboratories is 
the development of the 2B Regu- 

lator, a device which automatically com- 
pensates the effect of changing weather on 
high-frequency open-wire telephone cir- 
cuits. Sometimes such a useful new device 
is an isolated invention; sometimes it 
ls a commercial application of knowledge 
gained in pure research; and sometimes it 
is an unforeseen by-product of engineering 
directed toward quite a different end. But 
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The Story of the 2B Regulator 


most frequently, as in the case of the 2B 
Regulator, it is the logically developed 
solution of a specific problem. 

A statement of one spectacular phase of 
the problem is the photograph of a sleet 
storm; a better statement, perhaps, would 
be a curve of attenuation during such a 
storm. Since weather changes constantly 
and causes wide variations in line losses, a 
means is required to regulate repeater 
gains so that the transmission level is 
reasonably constant. 
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Development of the 2B Regulator was 
undertaken in connection with the recent 
redesign of the type-C carrier system. The 
regulator was to be—and is—so designed 
that it can be used with the old equipment 
as well as with the new. Promising methods 
of attack upon the problem were discussed 
in design conferences and explored by indi- 
vidual engineers. In the conference group 
are B. A. Fairweather, D. B. Penick, and 
D. M. Terry of the Toll Systems Develop- 
ment group; W. R. Lundry of the Appa- 
ratus Development Department; J. W. 
Beyer, supervisor of the Toll Systems @ 
group which carried on the development; im 
and F. R. Dickenson of the Equipment @ 

Development group, all of whom contrib- Wy 
uted in one way or another to the develop- @ 

ment of the regulator. At his desk is 7 
D. M. Terry, who had direct charge of the @ 
design of the equipment. 4 


Ideas incorporated by design engi- 
neers in rough pencil sketches and nota- 
tions are organized by a draftsman into 
schematics, wiring diagrams, and as- 
semblies, all of which are likely to change 
from time to time as the ideas are de- 
veloped. Development models are built: 
sometimes they are “‘breadboard”’ models 
built by the engineers in their labora- 
tories, and sometimes they are finished 
units carefully constructed in the Engi- 
neering Shop. Often several widely dif- 
ferent methods of operation are tested 
before the final design is established. 


These two models, representing dif- 
ferent stages in engineering the 2B 
Regulator, were built in the Shop. 
“Breadboard”” models were built, but 
have not survived. As soon as such a 
model has served its purpose, it gen- 
erally is disassembled and the apparatus 
used in a new circuit. 


The 2B Regulator, 
shown at the right, occu- 
pies but nine inches of 
space on a standard relay 
rack. An entire Cs carrier 
terminal, including the 
regulator, is mounted on 
one bay, as shown below. 


Type-C carrier systems comprise 
six channels—three in each direction 
—in the band from ten to thirty kilo- 
cycles. Attenuation is different at each 
frequency, and is affected toa different 
degree by changing weather. The 
regulator includes a continuously vari- 
able artificial line with a frequency- 
attenuation slope similar to that of 
the real line, and an equalizer whose 
characteristic is the reverse of the line 
slope. In lining up a system the arti- 
ficial line is adjusted so that when it 
is added to the real line the slope of 
the combination neutralizes that of 
the equalizer, leaving the overall trans- 
mission essentially uniform at all fre- 
quencies. Then as the loss and slope 
of the real line change, the artificial 
line is made to change in the reverse 
direction, leaving the overall trans- 
mission still uniform. 

The artificial line is controlled bya 
motor to which current is supplied 
through a relay. The relay is con- 
trolled by a pilot frequency picked 
off the line by a selective filter and 
rectified; when the attenuation of the 
pilot frequency changes by more than 
o.5 db in either direction the regulator 
circuit is closed and the artificial line 
is adjusted to compensate the change. 
A second relay, also controlled by the 
pilot frequency, actuates an alarm 
when very large changes in attenua- 
tion occur—as when the line is opened 
or short-circuited. 


Regulating equip- 
ment for the older 
type-C carrier systems 
required an entire 
bay—space equivalent 
to that occupied by a 
complete C5 terminal. 
The remaining equip- 
ment of the older sys- 
tems occupied two and 
a half more bays. 
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2B Regulators are assembled and 
wired at the Kearny works of the 
Western Electric Company. The char- 
acteristic curves below show (a) varia- 


tion in line attenuation at a pilot 
frequency over one repeater section 
of a Cs carrier system; (b) the same 
when corrected by the 2B Regulator. 
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The 17B 


Oscillator 


By W. J. MEANS 
Electrical Measurements and Design 


HERE a testing 

frequency is to be 

varied over a wide 
range, an oscillator of the 
heterodyne type is generally 
recognized as the most con- 
venient to use. Not only does 
it permit the frequency to be 
set by a single control, but its 
output-frequency characteris- 
tic may readily be made sub- 
stantially flat. The reasons for 
this are apparent on a little 
consideration. The frequency 
of a single vacuum-tube oscil- 
lator varies with the square 
root of the capacitance of the 
tuning condenser, and thus to 
secure a frequency range of 100 
to 1, for example, the capacity 
would have to be changed over a 
range of 10,000 to 1. Since condensers 
always have appreciable minimum 
capacitance, the maximum value be- 
comes too high to be readily secured 
in a single air condenser. In addition a 
single coil cannot cover such a wide 
frequency range, so that besides using 
several condensers, there must be a 
number of coils to cover different sec- 
tions of the frequency range. More- 
over the output of an oscillator in- 
herently varies with frequency; only 
over a comparatively narrow range 
does it remain substantially constant. 
Where a wide frequency range is re- 
quired from a single oscillator, the 
output cannot be held constant. 
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In a heterodyne oscillator, the out- 
puts of two separate oscillators, one 
fixed in frequency and one variable, 
are passed through a modulator, and 
the difference frequency is selected as 
the oscillator output. To secure a fre- 
quency range from I to 100 kc, for 
example, it would be possible to em- 
ploy one oscillator with a fixed fre- 
quency of 500 kc and one whose fre- 
quency is variable from 400 to 500 
ke. The difference frequency can then 
be varied from o to 100 ke by varying 
the adjustable oscillator from 400 to 
500 kc—a range of only twenty per 
cent of the top frequency. Over this 
comparatively narrow range, a single 
condenser and single coil can be used, 
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and by careful design the output can 
be made substantially flat. 

In connection with the types J and 
K broad-band carrier systems, it was 
necessary to develop an oscillator to 
cover the range from 1 to 150 ke, 
accurate to 25 cycles, and with an 
output that would be essentially flat 
with frequency. The heterodyne prin- 
ciple was therefore employed, and the 
oscillator, which is now available, is 
known as the 17B. It is a-c operated 
with an output adjustable from 1 to 
1000 milliwatts. Besides being used 1n 
conjunction with the installation of the 
broad-band systems, it will also be 
used as an operating tool in terminal 
offices, and is finding wide use in the 
shop and in the laboratory as well. 
The circuit development was facili- 
tated by earlier work done on an 
experimental oscillator for laboratory 
use already described in the Recorp 
for October, 1935. The larger range 
and different use of the 178 oscillator, 
however, has required a number of 
modifications and refinements of the 
earlier design. 

Since the oscillator is intended pri- 
marily for central-office use, it is 
mounted on a standard nineteen-inch 
panel suitable for fastening to a relay 
rack, where it will occupy about 
twenty-eight inches of vertical space. 
Its appearance may be seen in the 
photograph at the head of this article, 


and its circuit is indicated by Figure 1, 
The outputs of the two component 
oscillators, one with a fixed frequency 
of 650 kc, and the other with a fre. 
quency adjustable from 500 to 650 ke, 
are fed to a balanced vacuum-tube 
modulator, thence through a low-pass 
filter, which discriminates against the 
component fundamental frequencies 
and also against the higher modula- 
tion products, and then to the output 
amplifier. A balanced volume-contro] 
potentiometer gives the required out- 
put adjustment, and a double-im- 
pedance output transformer gives 
output impedances of either 135 or 
600 ohms. To minimize the effect of 
variations of the a-c supply voltage, a 
regulated plate supply* is provided, 
and ballast lamps are inserted in the 
filament circuits. 

The heart of any heterodyne oscil- 
lator is its main tuning condenser. To 
meet the precision requirements, the 
condenser had to be capable of being 
reset to within at least 1 /20000 of full- 
scale capacitance and a scale had to 
be provided with three thousand 50- 
cycle divisions. Since the mid-position 
between two closely spaced lines can 
readily be judged by the eye, this 
permits reading to the 25-cycle pre- 
cision requirement. The condenser 
chosen is a special worm-driven pre- 
cision air condenser with a ball- 
~ *REcorD, May, 1937, p. 298. 
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Fig. 1—Block schematic for the 178 oscillator 


A lay 1959 


292 


bearing rotor. Considerable 
development work in codp- 
eration with the supplier 
was necessary to secure the 
characteristics needed. The 
180-degree plates are shaped 
to yield an approximately 
straight-line frequency cali- 
bration. To reduce the back- 
lash to an amount that 
can be tolerated, a clock 
spring is mounted on the 
rotor shaft to place a defi- 
nite torque on the rotor at 
all times. This torque 
throws the worm wheel 
against the worm, and 
forces its teeth to engage on 
the same side regardless of 
the direction of rotation. 

Since these oscillators are 
to be employed in central 
offices, where the tempera- 
ture may vary as much as 
twenty degrees either way 
from a mean temperature 
in the neighborhood of 
seventy-five degrees Fah- 
renheit, it was necessary to 
make it reasonably insensi- 
tive to temperature changes. 
This is not a simple matter, 
since with a condenser hav- 
ing a temperature co- 
eficient of capacitance of 
fifteen parts in a million per 
degree Fahrenheit (which 
is better than average), a 
twenty-degree temperature 
rise would account for a 
forty-five-cycle change in 
frequency at the high end 
of the scale. 

If a condenser were made 
of the same metal through- 
out, its temperature coef- 
ficient of capacitance might 
be expected to be about the 
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same as the linear coefhi- 
cient of expansion, since 
the capacitance is propor- 
tional to the area of the 
plates divided by the dis- 
tance between them, and 
the plate area increases by 
twice the temperature co- 
efficient while the spacing 
between plates varies in 
direct proportion to the co- 
efficient. In practice the 
coefficient is generally larger 
than this relationship would 
indicate, however, because 
of distortion of the struc- 
ture due to differential ex- 
pansion between metal parts 
and between metal parts 
and insulating materials. 

In the condenser used 
with the 178 oscillator, all 
the structural parts, includ- 
ing the cast frame, the rotor 
shaft, the stator support 
rods, and all spacers, are 
made of the same aluminum 
alloy. The rotor plates, how- 
ever, are alternately alumi- 
num alloy and invar, so 
that the total area of the 
plates tends to vary by the 
same relative amount as 
the change in separation. 
In addition, the amount of 
insulation has been reduced 
as much as possible, and the 
type used has a much lower 
coeficient than materials 
commonly used. Tests on a 
number of condensers indi- 
cate that the overall tem- 
perature coefficient of ca- 
pacitance is under three 
parts in a million per deg. F. 


Fig. 2—Sample of 35-mm film 
used for the frequency scale 
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Most heterodyne oscillators have 
been equipped with dials on the main 
condenser shaft, and the required 
scale is marked around the periphery 
of the dial. For this oscillator, how- 


Fig. 3—Film and sprocket arrangement for 
the 178 oscillator scale 


ever, a dial at least eight feet in diam- 
eter would have been required to 
secure sufficient length of scale on the 
periphery of the dial. 

To obtain the equivalent scale 
length in a small space, the oscillator 
is provided with a 25-foot length of 
35-mm moving picture film which en- 
gages with a sprocket on the worm 
shaft of the main tuning condenser. 
The scale appears on this film, which 
is illuminated from behind through an 
opal diffusing glass. Typical sections 
from several different parts of the 
scale are shown in Figure 2. The 
marking is in kilocycles except for the 
sixty-cycle marks at the low end of 
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the scale. It will be noted that there 
are two of these sixty-cycle points, 
This is because an output frequency 
of sixty cycles may be obtained when 
the ‘“‘variable” oscillator is either 
sixty cycles above or sixty cycles 
below the “‘fixed”’ oscillator frequency. 
Both points must be located during 
the low-frequency check and adjust- 
ment, which is described later. From 
60 to 130 ke the film is marked at 
each kc point with a complementary 
scale in parentheses, the markings in- 
dicating the frequencies that must be 
modulated against the oscillator out- 
put to obtain a sum of 130 kc. These 
figures are provided to facilitate 
measurements of pilot and carrier fre- 
quency levels in the type-K carrier- 
telephone system. 

The frequency is set by bringing a 
division on the film in alignment with 
two hair lines, one on the opal glass 
behind it and one on the glass window 
through which it is read. As may be 
seen from Figure 3, the film is stored 
on two spools connected together by 
spur gears in such a way that as film 
is drawn from one spool it winds up on 
the other. One spool is connected to 
its driving gear through a clock spring 
to maintain tension on the film re- 
gardless of the varying diameter of 
the film on the two spools. 

A factor of great importance in de- 
signing a heterodyne oscillator is to 
hold the frequencies of the com- 
ponent oscillators within the required 
precision limits regardless of changes 
in ambient temperature. A change in 
frequency of either oscillator has con- 
siderable leverage on the output fre- 
quency. A change of the fixed oscil- 
lator of 0.01 per cent, for example, 
would affect the output frequency by 
sixty-five cycles, which is more than 
twice the allowable tolerance. If not 
carefully avoided, changes of this 
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magnitude could readily occur since 
both the capacitances and inductances 
of the tuned circuit might easily have 
temperature coefficients of fifteen 
parts in a million per degree Fahren- 
heit, and with coefficients of this size 
a temperature change of seven de- 
grees Fahrenheit would produce a 
sixty-five-cycle change. 

Some natural compensation occurs 
since the temperatures of the two 
oscillators tend to rise simultaneously, 
so that both oscillators tend to change 
in frequency in the same direction at 
the same time, and the change in the 
difference frequency is reduced. Drift 
is further reduced by securing coils 
and condensers of small temperature 
coeficients, and by designing them so 
that one is positive and the other 
negative. In the present oscillator the 
coils have a positive coefficient of 
under six parts in a million, and the 
condensers have a negative coefficient 
of the same order. In addition the 
condensers for the two component 
oscillators are matched in pairs so 
that the differential drift is less than 
five parts in a million. 

To correct for residual drift and 
ageing of the components, adjust- 
ments are provided for making the 
output frequency agree with the os- 
cillator scale at two points, sixty 
cycles and 100 ke. At sixty cycles, the 
frequency of the fixed oscillator may 
be changed by a trimmer condenser so 
that its frequency is just sixty cycles 
above that of the adjustable oscil- 
lator. At 100 kc, the capacitance of 
each oscillator is changed the same 
amount by a single screwdriver ad- 
justment, but since at this frequency 
there is more capacitance in the vari- 
able oscillator circuit, this adjustment 
affects the two oscillators unequally, 
and thus may be used to vary their 
difference frequency and to bring it 
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into exact agreement with the oscil- 
lator scale. Since this adjustment 
changes the capacitance of both oscil- 
lators by the same amount, it has 
negligible effect at sixty cycles. 

The low-frequency point is deter- 
mined by beating the output against 
the sixty-cycle power supply fre- 
quency through a small synchronizing 
lamp. For the high-frequency check, a 
100-ke crystal is incorporated in the 
oscillator. When this is connected 
across the grids of the amplifier 


Fig. 4—Rear view of 178 oscillator 


stage, it resonates when the oscillator 
frequency is 100 ke, and a low-resist- 
ance shunt is formed that drops the 
output and extinguishes the syn- 
chronizing lamp connected in the 
output circuit. Keys are provided on 
the front of the panel for making tests. 

In arranging the apparatus on the 
panel, care has been taken to place 
the component oscillators where they 
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will not be subjected to unnecessary 
heating. As may be seen in Figure 4, 
they are placed in separate compart- 
ments at the lower left. The fixed 
oscillator is the lower one, and the 
variable oscillator, with the air con- 
denser, is immediately above it. At the 
right of the latter are the two spools 
carrying the calibrated film. Im- 
mediately above are the modulator, 
amplifier, low-pass filter, and output 
transformer. The 10o-kc crystal is at 
the upper right of this section. The 
upper section of the panel carries the 
power supply with its regulator and 
ballast lamps. The greatest amount of 
heat is generated in this upper sec- 
tion, and is readily carried away by 
convection. The next greatest amount 
of heat arises in the modulator and 
amplifier section immediately below 
it. This leaves the two oscillators 
where they are essentially unaffected 
by heat from the power apparatus. 
The oscillator frequency is con- 
trolled by the combined knob and 
crank at the. right in the photograph 
at the head of this article. Since the 


film scale moves rather rapidly by the 
window, and is difficult to read while 
in motion, a coarse frequency cali. 
bration is provided by the dial just 
at the left of the control crank, which 
is mounted on the main tuning con- 
denser shaft. The dial at the bottom of 
the panel provides a frequency change 
of +50 cycles, which is sometimes 
useful in making tests on crystal 
filters. The only other controls are a 
volume control, near the center of the 
panel, and keys for setting up the 
low- and high-frequency calibrating 
conditions, and for selecting the de- 
sired output impedance, which may 
be either 135 or 600 ohms. 

The oscillator may be operated 
from either a fifty- or sixty-cycle 
supply at any voltage from 105 to 125 
volts. The output frequency charac- 
teristic is flat to within about 1 db 
from 3 to 150 ke. Over this range the 
total harmonics and other spurious 
frequencies are 37 db below the funda- 
mental for the outputs that are below 
100 milliwatts and at least 27 db 
down for higher outputs. 


ELtiotr Cresson MEDALS 


have been awarded by The Franklin Institute to George A. 
Campbell and ‘ohn R. Carson. Dr. Campbell recetves his 
award “‘in consideration of his life-long study of the theory of 
electric circuits, resulting in notable contributions to the science 
that underlies telephony and in inventions of fundamental im- 
portance in the art.” Dr. Carson receives his “in consideration 
of outstanding contributions to the art of electrical communt- 
cations.” The awards will be made at the Medal Day exercises 


of the Institute on May 17. 


A Longitudinal-Noise Filter for the 
Type-K Carrier System 


By P. W. ROUNDS 
Transmission Networks Development 


O a considerable extent, the 

type-K carrier system will be 

applied to pairs in existing 
voice-frequency cables, and it is very 
common for such cables to connect at 
various points along their route to 
open-wire branch lines running to 
offices off the route of the main cable. 
As pointed out in a previous article,* 
high-frequency disturbances are read- 
ily picked up by open-wire lines, and 
if they were allowed to enter the main 
toll cable, they would ultimately ap- 
pear as objectionable noise on the 
carrier pairs. Such noise currents pass 
over the open-wire lines “‘longitudi- 
nally,” flowing over all four lines of a 
phantom group in the same direction, 
and thence to ground through the 
wire-to-ground capacitance of the 
cable. It was decided, therefore, to 
*Recorp, March, 1939, p. 206. 
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insert filters in these branch lines, 
which would highly attenuate the 
longitudinal currents in the branch 
circuits without seriously increasing 
the loss in the voice paths. 

The filter designed is arranged as 
shown schematically in Figure 1. 
One filter is provided for each phantom 
group of the open-wire line, and each 
consists of two four-winding coils with 
a condenser connected between each 
wire and ground. The coil windings 
are poled so that currents traveling 
from odd to even-numbered terminals 
tend to produce flux in the same direc- 
tion in the cores. The coils thus pre- 
sent their full impedance to longi- 
tudinal currents, and minimum im- 
pedance to currents flowing in the 
side or phantom circuits. Currents 
flowing equally in the four wires from 
left to right, in other words, encounter 
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maximum inductance because they 
all tend te increase the flux in the core, 
while currents flowing down one wire 
of pair 1 and back the other, or down 
both wires of pair 1 and back both 
wires of pair 2 encounter a minimum 
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Fig. 1—Schematic diagram of the 81a 


noise filter 


inductance because they produce 
fluxes that oppose each other in the 
core of the filter. 

The coils, developed by S. G. Hale, 
are made by twisting four insulated 
wires together spirally, and then 
winding this conductor cord over a 
toroidal core of chrome-permalloy 
tape. This gives a well-balanced wind- 
ing that minimizes crosstalk between 
the component circuits. The high 
permeability of the core permits a 
large inductance, L, to be obtained 
with relatively few turns, so that the 
resistance of the winding to currents 
in the voice paths, 7, is kept low, while 
the high core loss at carrier frequen- 
cies furnishes a high effective resist- 
ance, R, to the longitudinal currents 
that produce a net flux in the core. 


As a result of these conditions, the . 


filter acts as a different type of net- 
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work for the three types of circuits— 
the longitudinal circuit, the phantom 
circuit, and the side circuit. These are 
indicated schematically in Figure 9, 
In the upper diagram, representing 
the longitudinal circuit, the upper 
side of the circuit represents the four 
wires in parallel, and the inductance 
is the combined inductance of the four 
windings of each coil. The lower side 
of the circuit represents the ground 
return, and the capacitance, since it 
results from four condensers in paral. 
lel, is equal to four times the capaci- 
tance of one condenser. The resist. 
ances shown represent the parallel 
resistance of the four windings, which 
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% DISTRIBUTED SIDE CIRCUIT r 
IN COIL 
Fig. 2—Equivalent networks for longitudi- 
nal circuit, above; phantom circuit, center; 
and side circuit, below 


is relatively small, plus the core losses, 
which are relatively high. 

In the middle diagram, represent- 
ing the phantom circuit, each side of 
the circuit stands for the two wires of 
a pair. There is practically no induc- 
tance in the circuit because the flux 
tended to be caused by pair 1 is bal- 
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anced by that tended to be caused by 
pair 2. Moreover, since there is no 
flux there is no core loss, so that the 
resistance shown is only that of two 
windings in parallel. In addition the 
capacitance is only one-quarter that 
of the longitudinal circuit — two 
strings of two condensers in series 
giving a net overall capacitance equal 
to that of one condenser alone. 

The side-circuit schematic is similar 
to that of the phantom circuit, except 
that the resistance is slightly higher— 
consisting of that of one winding in- 
stead of two windings in parallel— 
and the capacitance is lower because 
it consists of two condensers in series. 
Both of these latter schematics are 
essentially the same as a length of 
cable, consisting of series resistance 
and shunt capacitance, and the loss 
they produce is about equal to 1000 
feet of 19-gauge toll cable. The effect 
of the filters on the voice circuits, 
therefore, is only about the same as 
that of an added thousand feet of 
cable. To the longitudinal currents, 
however, the action is that of a filter 
because of the combination of react- 
ance and capacitance, and the longi- 
tudinal loss characteristic measured 
between fixed resistances is as shown 
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Fig. 3—Longitudinal insertion loss char- 
acteristic of a typical filter as measured 
between fixed resistances 
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Fig. 4—Partially assembled loading coil 
case potting six 81a filters 


in Figure 3. At 12 kc, the lowest type-K 
frequency, the loss is over 60 db, and 
it rises to nearly 100 db at the upper 
frequency of 60 ke. 

The actual suppression realized in 
practice is less than these values 
chiefly for two reasons. In the first 
place, the impedances of the circuits 
are not pure resistances and are not 
all of the same value, so that the 
terminations of the filters in service 
are not the same as used for the lab- 
oratory measurements. Moreover, the 
carrier-frequency disturbing currents 
induced in the four wires of a phantom 
group are not exactly equal, and thus 
there is a component of the induced 
current that is not longitudinal. The 
suppression that is obtained, however, 
is high enough to reduce the noise 
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from open-wire branch lines to ac- 
ceptable values. 

The filters are assembled as shown 
in the photograph at the head of this 
article. Each coil is mounted in a 
separate sealed container, and the 
four condensers are in two containers 
mounted between the other two. 
From two to thirty of such units are 
mounted in a sealed case arranged for 
mounting on poles or in manholes. 
These cases, designed by J. R. Bards- 
ley, are similar to loading-coil cases, 
and are hermetically sealed to retain 


the dried gas that is applied under 
pressure to toll cables. A partially as- 
sembled case of one type is shown in 
Figure 4. Because of the high-voltage 


surges sometimes encountered on 
open-wire lines, and of the inaccesgj- 
bility of the filters for maintenance 
purposes, the component parts and 
wiring have been designed for high 
dielectric strength. Such precautions 
help to insure a continued satisfac. 
tory performance in reducing the 
longitudinal noise that may arise from 
branch lines of open-wire circuits. 


VITAMIN AND SCIENTIFIC ENDEAVOR 


In the March 25 issue of “Nature,” R. A. Peters, Whitley Professor 
of Biochemistry in Oxford University, discussed the recent book “Vitamin 
B, and Its Uses in Medicine” by R. R. Williams and Tom D. Spies, 
M.D. Dr. Peters, who is the foremost British authority on Vitamin B,, 
said in part: 

“The tale which 1s told by the authors is viewed in the first instance as a 
problem in practical medicine and in the construction of diets which 
may be needed to save from the consequences of vitamin B, deficiency 
even in its milder forms. A particularly valuable feature of the work is 
the inclusion of the tables of the vitamin B, content of foods; these will 
form a basis for future research. This section of the work should be 
read by all those who are responsible for the maintenance of the health 
of the community, as well as being a guide in practical medicine. 

“The more medical part forms eight out of the twenty-nine chapters, 
the latter two-thirds of the book being devoted to the chemical nature and 
mode of action (biochemical and physiological) of this vitamin. 

“The tale of the various functions of thiamin in nature, its need for 
the growth of micro-organisms, and of the work which has led to the 
present idea of the intimate connection with carbohydrate metabolism 
is well told, with due caution and criticism and not without pointers 
for the future. 

“The reviewer has nothing but praise for this work as a whole, for the 
knowledge which it displays, for its fair judicial outlook, and for its 
production.” 


The Multi-Contact Relay 


By BRUCE FREILE 


Electromechanical Apparatus 


NE of the interesting features 

of the crossbar system is the 

extensive use of common con- 
troller circuits. Among the more im- 
portant of these are the markers and 
senders and the line-link and sender- 
link controller circuits. For each call 
these circuits must be connected to 
one of their switching units for a very 
brief interval—usually only a fraction 
of a second. During this interval, 
however, a large number of paths must 
be closed between the controller cir- 
cuits and the switching unit. As part 
of the development of the crossbar 
system, therefore, it was necessary to 
develop a relay capable of closing a 
very large number of contacts. The 
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multi-contact relay shown in the 
photograph at the head of this article 
was the result. 

The relay employs two coils and 
two armatures, each of which oper- 
ates half the contacts. The contact 
springs are arranged in ten pile-ups 
and each may have as many as six 
pairs of springs—giving a total of 
sixty contacts per relay. The complete 
structure, however, may be used as 
two independent relays, each with 
15, 20, 25, or 30 contact springs, or— 
by connecting the coils in parallel—as 
a single relay with double the capacity 
in contact springs. 

The contacts of these relays, as 
with the U and Y types, are all double. 
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The end of the moving spring is 
forked, each tyne carrying a contact, 
and the fixed spring carries two cor- 
responding contacts. These latter 
springs have punched holes behind 
the contacts through which pass small 
insulating studs that operate the 
springs. These studs are fastened to 
the moving springs and are moved by 
the armature when the relay operates. 

These relays are mounted ver- 
tically, so that dirt particles do not 
tend to lodge on the contacts. Tight- 
fitting can covers, not shown in the 


photograph, slip over the spring pile. 
up section, leaving the magnets and 
armatures exposed. Soldering termi. 
nals for the contacts project from the 
rear, and are arranged—like those of 
the crossbar switch—so that a straight 
length of bare wire can be used to 
connect together the terminals that 
are to be multipled. Because of the 
large number of operations the relays 
must make, careful attention has been 
given to the mechanical design in 
order to prevent excessive wear of 
rubbing surfaces in the relays. 


An improved cable for inside wiring which has better mots- 
ture-resisting characteristics than similar cable now in use is 
shown here. The improvement results from the addition of a 
thermoplastic jacket between the core of the cable and the 
braid. This jacket makes unnecessary a cord under the 
braid to aid in stripping; and it permits the cable to be 
made with a smooth surface and more pleasing appearance. 
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